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@ Downward compatible video system. 

(57) Apparatus for deriving from a motion picture 
film for transfer to a video recording medium (7, 
8) a video signal having increased vertical resol- 
ution for display using progressive scanning. In 
the apparatus, a deriving system derives the 
video signal from the motion picture film ; a flag 
signal generating circuit generates a flag signal 
indicating that the video signal is for display 
using progressive scanning ; and a recording 
system (63) records the video signal and the flag 
signal in the recording medium (7, 8). In a 
method of deriving from an interlaced high- 
definition video signal an interlaced standard- 
definition video signal having increased vertical 
resolution, the interlaced high-definition video 
signal is converted into a progressive high- 
definition video signal. The number of pixels in 
the progressive high-definition video signal is 
reduced to provide a progressive standard- 
definition video signal, which is converted into 
the interlaced standard-definition video signal. 
An apparatus for reproducing a video signal 
recorded on a recording medium (7, 8) includes 
a system for reproducing (40) the video signal 
from the recording medium (7, 8), and a circuit 
(50) for extracting from the reproduced video 
signal a flag signal indicating a display scan- 
ning mode for the video signal. A display ap- 
paratus includes a circuit (43) for receiving a 
flag signal indicating a display scanning mode 
for the video signal, and for generating a con- 
trol signal ; and a circuit (56), responsive to the 
control signal, for displaying the video signal in 
the display scanning mode. 
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Field of the Invention 

The present invention relates to an image con- 
verting apparatus, an image duplicating apparatus, 
an image reproducing apparatus and an image dis- 
play for converting images recorded on a motion pic- 
ture film into image signals of a television broadcast- 
ing system, recording the image signals of a televi- 
sion broadcasting system on a recording medium, 
such as a tape or a disk, reproducing the images re- 
corded on the recording medium and displaying the 
reproduced images. 

Background of the Invention 

Figure 1 is a block diagram of a telecine system 
for transferring a motion picture film to a consumer re- 
cording medium, such as a video cassette or a video 
disk. The high-definition (HD) telecine apparatus 61 
is provided internally with a high-definition image 
sensor, not shown, on which an image of each frame 
of the motion picture film is formed, and which is gen- 
erates an interlaced high-definition video signal in 
which each frame has 1125 horizontal scanning lines, 
and has an aspect ratio of 16:9. For brevity, horizontal 
scanning lines will from now on be called "lines." 

The interlaced high-definition video signal has an 
interlace ratio of 2:1, i.e., each frame of the video sig- 
nal consists of two overlapping fields, offset from one 
another by one line. In the following description, a ref- 
erence to an interlaced video signal will be under- 
stood to refer to an interlaced video signal with an in- 
terlace ratio of 2:1. 

Generally, when the motion picture film 1 repro- 
duced, for example by the HD telecine apparatus 61 , 
it is transported at a rate that provides a frame rate of 
24 Hz. On the other hand, the image sensor in the HD 
telecine apparatus 61 produces an interlaced high- 
definition video signal with a field rate of 60 Hz. 
Therefore, ten fields, i.e., five frames, of the inter- 
laced high-definition video signal must be derived 
from each four frames of the motion picture film. 

The HD telecine apparatus 61 performs 2-3 pull- 
down to derive an interlaced high-definition video sig- 
nal with a field rate of 60 Hz from the motion picture 
film 1. In this, ten fields, i.e., five frames, of the high- 
definition video signal are derived from four frames of 
the motion picture film 1. 

In 2-3 pulldown, a different number of fields of the 
high-definition video signal is derived from alternate 
frames of the motion picture film. Two fields of the in- 
terlaced high-definition video signal, i.e., the first and 
second fields of the high-definition video signal, are 
derived from the first frame of the motion picture film 
1. Then, three fields of the interlaced high-definition 
video signal, i.e., the third, fourth and fifth fields of 
the high-definition video signal are derived from the 
second frame of the motion picture film 1. This proc- 



ess is then repeated. 

The interlaced high-definition video signal from 
the telecine apparatus 61 is fed into the high- 
definition video recorder (HD-VTR) 3 where it is re- 
5 corded on a recording medium, not shown, such as a 
video tape. 

The interlaced high-definition video signal is re- 
produced by the HD-VTR 3, and is fed to the down- 
converter 62. As shown in Figure 2, the down- 

10 converter 62 comprises the field memories 81 and 
82, and the filter 83. The down-converter 62 reduces 
the number of lines and the number of pixels to con- 
vert the input interlaced high-definition video signal 
into a video signal of the type used in normal televi- 

15 sion broadcasting, with 525 lines, an aspect ratio of 
4:3, and an interlace ratio 2:1. Such a signal will from 
now on be referred to as "an interlaced standard-def- 
inition video signal." 

The field memory 81 of the down-converter 62 

20 temporarily stores each frame of the input interlaced 
high-definition video signal. The interlaced high- 
definition video signal is read from the field memory 
81 in timed read cycles and fed to the filter 83. 

The filter 83, which is, for example, a 3x3 two-di- 

25 mensional filter, thins out the lines and pixels of the 
interlaced high-definition video signal by filtering to 
convert the input interlaced high-definition video sig- 
nal into an interlaced standard-definition video signal. 
Each frame of the interlaced standard-definition vid- 

30 eo signal provided by the filter 83 is stored temporarily 
in the field memory 82. 

The fields of the interlaced standard-definition 
video signals are sequentially read out of the field 
memory 82 in the down converter 4 and are fed to the 

35 standard-definition video recorder (SD-VTR) 5, 
shown in Figure 1 , which records them on a recording 
medium, not shown, such as a video tape. 

By the process just described, the motion picture 
film 1 is converted into an interlaced standard-def in i- 

40 tion video signal that can be reproduced on a regular, 
standard -definition television set, and the interlaced 
standard-definition video signal is recorded by the 
SD-VTR 5. 

The interlaced standard-definition video signal is 
45 reproduced by the SD-VTR 5, and is fed into the en- 
coder 70. The encoder 70 converts the interlaced 
standard-definition video signal into a composite vid- 
eo signal, such as an NTSC-format composite video 
signal, or a PAL-format composite video signal, which 
so is fed to the duplicating apparatus 63. The duplicating 
apparatus 63 records the composite video signal on 
the consumer-format video cassette 72 or the video 
disk 82. 

Alternatively, in the motion picture duplicating 
55 system shown in Figure 1 , the motion picture film 1 is 
converted into an interlaced standard-definition vid- 
eo signal with 525 lines, an aspect ratio 4:3, and an 
interlace ratio of 2:1 by the standard-definition (SD) 
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telecine apparatus 9. The SD telecine apparatus 9 in- 
cludes in internal image sensor, not shown, which 
converts the motion picture film into an interlaced 
standard-definition video signal using 2-3 pulldown, 
and records the resulting interlaced standard-defini- 
tion video signal on the SD-VTR 5. 

As shown in Figure 3, the interlaced standard- 
definition video signal recorded on, for example, the 
video disk 8 is reproduced by the video disk player 71 
capable of reproducing video disks whereon an inter- 
laced standard -definition video signal is recorded. 
Pictures represented by the reproduced interlaced 
standard-definition video signal are displayed on the 
display 55. 

In the motion picture duplicating system shown in 
Figure 1 , the motion picture film 1 is converted by the 
HD telecine apparatus 61 or the SD telecine appara- 
tus 9 into an interlaced standard-definition video sig- 
nal. However, the arrangement shown may not pro- 
vide an optimum vertical resolution. 

When the pictures represented by the interlaced 
standard-definition video signal recorded on the vid- 
eo disk 8 are displayed on the display 55, the vertical 
resolution is impaired because the pictures are dis- 
played using interlaced scanning with an interlace ra- 
tio of 2:1. 

As explained in Multidimensional Signal Process- 
ing for TV Images, NIKKAN KOGYO SHINBUN-SHA, 
pp. 97-1 01 , when a video signal is derived from an im- 
age using interlaced scanning, the effective vertical 
resolution of the image is Kc times the number of ef- 
fective lines. Kc is normally called the Kell factor, but 
is called the camera factor in the paper, and is less 
than unity. Moreover, the effective vertical resolution 
of a picture displayed by interlaced scanning is a 
times the number of lines. The factor a is called the 
interlace factor in the paper, and, again, is less than 
unity. Consequently, the vertical resolution of the pic- 
ture displayed on the display 55 (Figure 3) is Kc x a 
times the number of lines. 

Generally, both Kc and a are in the range of about 
0.6 to about 0.8, so the vertical resolution of the pic- 
ture displayed on the display 55 (Figure 3) is in the 
range of about 0.4 to 0.6 times the number of lines. 

It has been proposed to increase the vertical re- 
solution obtained when an interlaced standard-defini- 
tion video signal is derived from the motion picture 
film 1 using the HD telecine apparatus 61 or the SD 
telecine apparatus 9 by increasing the camera factor 
Kc to a value close to 1. However, since the picture 
is displayed by interlaced scanning, increasing the 
camera factor Kc results in interline flicker. 

When an interlaced standard-definition video sig- 
nal is derived from an image having points spanning 
more than one line using a large camera factor Kc, 
points in the image that appear in, for example, the 
odd field disappear when the even field is displayed. 
This causes the points to appear to move between al- 



ternate fields, which results in an annoying flicker 
called interline flicker. 

Accordingly, to avoid interline flicker when the 
video signal is displayed using interlaced scanning, a 

5 camera factor Kc in the range of about 0.6 to about 
0.8 is preferable. This causes the point to appear in 
both fields, but reduces the vertical resolution. 

Efforts have been made recently to develop ex- 
tended-definition television (EDTV). EDTV is intend- 

10 ed to display a high resolution picture, without exhib- 
iting visible flicker. EDTV is also intended to maintain 
downward compatibility with interlaced standard-def- 
inition video signals, i.e., NTSC video signals in the 
United States and Japan. Among the recently pro- 

15 posed EDTV systems, one displays a higher-quality 
picture by increasing the vertical resolution of the pic- 
ture by using progressive, i.e., non-interlaced, scan- 
ning. 

However, it is difficult to maintain downward com- 
20 patibility with interlaced standard-definition video 
signals while providing the ability to display pictures 
with a high picture quality without having flicker. Con- 
sequently, an effective system that is downwards 
compatible with interlaced standard-definition video 
25 signals, and that is also capable of displaying a pic- 
ture with a high picture quality has not yet been pro- 
posed. 

Objects and Summary of the Invention 

30 

Accordingly, it is an object of the present inven- 
tion to provide a system capable of displaying a high 
resolution picture without adversely affecting down- 
ward compatibility. 

35 The invention therefore provides apparatus for 

deriving from a motion picture film a video signal for 
transfer to a video recording medium. The video sig- 
nal has an increased vertical resolution, and is for dis- 
play using progressive scanning. The apparatus com- 

40 prises a deriving system, a flag signal generating cir- 
cuit and a recording system. The deriving system de- 
rives the video signal from the motion picture film. 
The flag signal generating circuit generates a flag sig- 
nal indicating that the video signal isfordisplay using 

45 progressive scanning. The recording system records 
the video signal and the flag signal in the recording 
medium. 

The invention also provides a method of deriving 
an interlaced standard-definition video signal from a 

so interlaced high-definition video signal. The interlaced 
standard-definition video signal having an increased 
vertical resolution. In the method, the interlaced 
high-definition video signal is converted into a pro- 
gressive high-definition video signal. The interlaced 

55 high-definition video signal includes plural frames, 
and each frame includes a number of pixels. The num- 
ber of pixels in each frame of the progressive high- 
definition video signal is reduced to provide a frame 
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of a progressive standard-definition video signal. Fi- 
nally, the progressive standard-definition video signal 
is converted into the interlaced standard-definition 
video signal. 

The invention further provides an apparatus for 
deriving from a motion picture film including plural 
frames an interlaced standard-definition video signal 
for recording on recording medium. The interlaced 
standard-definition video signal has an increased 
vertical resolution. The apparatus comprises a sys- 
tem for deriving an interlaced high-definition video 
signal from the motion picture film. The interlaced 
high-definition video signal includes plural frames, 
and each frame is derived from one frame of the mo- 
tion picture film. The apparatus also includes a circuit 
for converting the interlaced high-definition video sig- 
nal into a progressive high-definition video signal. 
The progressive high-definition video signal includes 
plural frames, and each frame includes a number of 
pixels. The apparatus further includes circuits for re- 
ducing the number of pixels in each frame of the pro- 
gressive high-definition video signal to provide a 
frame of a progressive standard-definition video sig- 
nal, and for converting the progressive standard-def- 
inition video signal into the interlaced standard-defi- 
nition video signal. Finally, the apparatus includes a 
circuit for adding to the interlaced standard-definition 
video signal a flag signal indicating that the interlaced 
standard-definition signal has an increased vertical 
resolution. 

An apparatus according to the invention for repro- 
ducing a video signal recorded on a recording medium 
comprises a system for reproducing the video signal 
from the recording medium, and a circuit for extracting 
from the video signal reproduced from the recording 
medium a flag signal indicating a scanning mode 
wherein the video signal is to be displayed. 

Finally, a display apparatus according to the in- 
vention includes a circuit for receiving a flag signal in- 
dicating a scanning mode in which the video signal is 
to be displayed, and for indicating the scanning mode 
in which the video signal is to be displayed; and a cir- 
cuit means, responsive to the scanning mode indicat- 
ed by the receiving circuit, for displaying the video 
signal in the scanning mode in which the video signal 
is to be displayed. 

Brief Description of the Drawings 

Figure 1 is a block diagram of a known system for 
transferring a motion picture film to consumer video 
tapes and video disks. 

Figure 2 is a block diagram of the down-converter 
62 in the transfer system shown in Figure 1. 

Figure 3 is a block diagram of a known reproduc- 
ing and displaying system. 

Figure 4 is a block diagram of a system according 
to the invention for transferring a motion picture film 



to consumer video tapes and video disks. 

Figure 5A is a block diagram the down-converter 
according to the invention in the transfer system ac- 
cording to the invention. 
5 Figure 5B illustrates the state of the video signal 

as it passes through the down converter 4 according 
to the invention. 

Figure 6 is a block diagram of the filter 24 shown 
in Figure 5A. 

10 Figure 7 is a diagram explaining the operation of 

the filter 24 shown in Figure 5A. 

Figure 8 is a block diagram of a re prod ucing-and- 
displaying system according to the invention. 

Figure 9A is a table showing the structure of the 
15 an MPEG video_sequence. 

Figure 9B is a table showing the structure of the 
extension_and_user_data(i) portion of the MPEG 
video_sequence. 

Figure 9C is a table showing the possible values 
20 of the extensionJD of the extension_start_code in 
the MPEG video_sequence 

Figure 9D is a table showing the structure of the 
picture_coding_extension of the MPEG video_se- 
quence. 

25 Figure 10 is a block diagram of a different em- 

bodiment of a system according to the invention for 
transferring a motion picture film to consumer video 
tapes and video disks in which the signal recorded on 
the consumer recording medium is in accordance 

30 with the MPEG standard. 

Figures 11, 12, and 13 are block diagrams of ad- 
ditional embodiments of the reproducing-and-dis- 
playing system according to the invention. 

35 Detailed Description of the Invention 

Figure 4 is a block diagram of a telecine system 
employing an image processing apparatus embody- 
ing the present invention. In Figure 4, components 

40 like or corresponding to those described above with 
reference to Figure 1 are indicated by the same ref- 
erence characters. The high-definition (HD) telecine 
apparatus 2 is provided internally with a high- 
definition image sensor, not shown, on which an im- 

45 age of each frame of the motion picture film is formed, 
and which generates a high-definition video signal 
representing each frame of the motion picture film. 
The HD telecine apparatus 2 scans the image of each 
frame of the motion picture film 1 to generate from 

so each frame of the motion picture film a frame of an in- 
terlaced high-definition video signal with 1125 lines 
and an aspect ratio of 16:9. 

The interlaced high-definition video signal has an 
interlace ratio of 2:1 , i.e., each frame of the video sig- 

55 nal is represented by two overlapping fields offset 
from one another by one line. As mentioned above, 
where ever reference is made to an interlaced video 
signal, it will be understood that the interlaced video 
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signal has an interlace ratio of 2:1. 

The HD telecine apparatus 2 derives each frame 
of an interlaced high-definition video signal from one 
frame of the motion picture film 1 using 2-2 pulldown, 
in which two fields (one frame) of the interlaced high- 
definition video signal are derived from each frame of 
the motion picture film 1. 

The high-definition video recorder (HD-VTR) 3 
temporarily records the 48 fields per second (48- 
field) interlaced high-definition video signal from the 
HD telecine apparatus 2 on a recording medium, not 
shown, such as a video tape. 

The HD-VTR 3 reproduces the interlaced high- 
definition video signal from the recording medium, 
and feeds the resulting reproduced high-definition 
video signal VI1 to the down -converter 4. 

Figure 5A shows the down-converter 4, which is 
an embodiment of the image converting apparatus 
according to the present invention. The down conver- 
ter 4 converts the 48-field interlaced high-definition 
signal VI1 from the HD-VTR 3 into a 24 frames per 
second (24-frame) progressive (non-interlaced) high- 
definition signal VI2 before the down conversion 
process. After down conversion, the down converter 
4 converts the 24-frame progressive standard defini- 
tion video signal V01 to the interlaced standard-def- 
inition signal V02. 

The down-converter 4 includes the memory unit 
21 which converts the 48-field interlaced high- 
definition videosignal VI1 from the HD-VTR 3 into the 
24-frame progressive high-definition video signal VI2. 
The down-converter 4 also includes the filter 24 
which filters the 24-frame progressive high-definition 
video signal VI2 to convert the 24-frame progressive 
high-definition video signal VI1 into the 24-frame pro- 
gressive standard-definition video signal V01 . Final- 
ly, the down-converter 4 includes the memory unit 
25, which converts the 24-frame progressive stan- 
dard-definition video signal VOI into the interlaced 
standard-definition signal V02. 

The memory unit 21 includes the memory banks 
22a and 22b, and the switches 23a and 23b. The 
switch 23a switches between the inputs of the mem- 
ory banks 22a and 22b at the same rate as, and in 
synchronism with, the field rate of the 48-field high- 
definition video signal VI1 . This connects the fields of 
the videosignal V1 1 alternately to the memory banks 
22a and 22b. Consequently, alternate fields of the 
video signal VI1 are stored in the memory banks 22a 
and 22b. For example, the memory bank 22a tempor- 
arily stores the odd fields of the video signal VI1, 
whereas the memory bank 22b temporarily stores the 
even fields of the video signal VI1. 

The switch 23b switches between the outputs of 
the memory banks 22a and 22b at the same rate as, 
and in synchronism with, the line rate of the 24-frame 
progressive high-definition video signal VI2 fed to the 
filter 24. This connects the memory banks 22a and 



22b alternately to the filter 24, so that the odd lines 
of the 24-frame progressive high-definition video sig- 
nal VI2 originate in the memory bank 22a, and the 
even lines of the 24-frame progressive high-definition 

5 video signal VI2 originate in the memory bank 22b. 

Thus, the memory unit 21 converts each frame 
(two fields) of the 48-field interlaced high-definition 
video signal VI1 from the HD-VTR 3 into a frame of 
the 24-frame progressive high-definition video signal 

10 VI2, which it feeds to the filter 24. 

The filter 24 is, for example, a two-dimensional 
3x3 filter having the configuration shown in Figure 6. 
The 24-frame progressive high-definition videosignal 
VI2 is fed from the memory unit 21 into the delay cir- 

15 cuit (D) 32a, the multiplier 33a and the line memory 
31a. The delay circuit 32a delays the video signal VI2 
by one pixel period, which is the time corresponding 
to one pixel of the high-definition video signal, and 
feeds the resulting delayed video signal to the delay 

20 circuit 32b and the multiplier 33b. The delay circuit 
32b delays the delayed video signal from the delay 
circu it 32a by one pixel period, and feeds t he add ition- 
ally-delayed video signal to the multiplier 33c. 

The multipliers 33a through 33c multiply the vid- 

25 eo signal VI2, the video signal from the delay circuit 
32a, and the video signal from the delay circuit 32b 
by the weighting factors a 11f a 12 and a 13 , respectively. 
The respective output signals of the multipliers 33a 
through 33c are fed into the summing circuit 34. 

30 The line memory 31a delays the high-definition 

video signal VI2 from the memory unit 21 by one line 
period, which is the time corresponding to one line of 
the high-definition video signal VI2, and feeds the 
one-line delayed video signal to the delay circuit 32c, 

35 the multiplier 33d, and the line memory 31 b. The de- 
lay circuit 32c delays the one-line delayed video sig- 
nal from the line memory 31a by one pixel period, and 
feeds the resulting delayed video signal to the delay 
circuit 32d, and the multiplier 33e. The delay circuit 

40 32d delays the video signal from the delay circuit 32c 
by an additional one pixel period, and feeds the addi- 
tionally-delayed video signal to the multiplier 33f. 

The multipliers 33d through 33f multiply the one- 
line delayed video signal from the line memory 31a, 

45 the video signal from the delay circuit 32c, and the 
video signal from the delay circuit 32d by the weight- 
ing factors a 2 i, a 22 , and a 23 , respectively. The output 
signals from the multipliers 33d through 33f are fed to 
the summing circuit 34. 

so The line memory 31b delays the high-definition 

video signal from t he I ine memory 31 a by an add ition- 
al line period, and feeds the two-line period delayed 
video signal to the delay circuit 32e and the multiplier 
33g. The delay circuit 32e delays the two-line delayed 

55 high-definition video signal from the line memory 31 b 
by one pixel period, and feeds the resulting delayed 
video signal to the delay circuit 32f and the multiplier 
33h. The delay circuit 32f delays the videosignal from 
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the delay circuit 32e by an additional one pixel period, 
and feeds the additionally-delayed video signal to the 
multiplier 33i. 

The multipliers 33g through 33i multiply the two- 
line delayed video signal from the line memory 31b, 
the video signal from the delay circuit 32e, and the 
video signal from the delay circuit 32f by the weighting 
factors a 31f a 32 , and a 33 , respectively. The output sig- 
nals from the multipliers 33g through 33i are fed into 
the summing circuit 34. 

The summing circuit 34 generates the output sig- 
nal V01 by adding together the outputs of the multi- 
pliers 33a through 33i. 

Figure 7 shows an example of the operation of 
the filter 24, in which the filter 24 calculates the fil- 
tered value E' of the pixel E from the pixel E and the 
eight pixels A, B P C, D, F, G, H, and I horizontally and 
vertically surrounding the pixel E using the following 
equation: 

E' = an x A + a 12 x B + a 13 x C 
+ a 2 i x D + a 2 2 x E + a 23 x F 
+ a 31 x G + a 32 x H + a 33 x I 

The filter 24 thins out the lines and the pixels of 
each frame of the 24-frame progressive high- 
definition video signal VI2 received from the memory 
unit 21. In this way, the 24-frame progressive high- 
definition video signal VI2 is converted into a 24- 
frame progressive standard-definition video signal 
VOI having 525 lines and an aspect ratio of 4:3. 

If it is acceptable for the consumer recording me- 
dium, such as the video cassette 7 and the video disk 
8, recorded by the duplicating apparatus 6 to have a 
format that is incompatible with the conventional re- 
cording medium, such as the video cassette 72 and 
the video disk 82 recorded on the duplicating appa- 
ratus 63, the 24-frame progressive standard-defini- 
tion video signal VOI may be fed directly to the dupli- 
cating apparatus 6 for copying onto the consumer re- 
cording medium. 

Otherwise, the 24-frame progressive standard- 
definition video signal is fed from the filter 24 to the 
memory unit 25 (Figure 5A). The memory unit 25 
comprises the memory banks 26a and 26b, and the 
switches 27a and 27b. The switch 27a is synchron- 
ized to the line rate of the 24-frame progressive stan- 
dard-definition video signal and connects the output 
of the filter 24 alternately to the memory banks 26a 
and 26b during each line of the signal. Thus, for ex- 
ample, odd lines (even lines) of the progressive stan- 
dard-definition video signal are fed to the memory 
bank 26a, and even lines of the progressive standard - 
definition video signal are fed to the memory bank 
26b. 

The memory bank 26a sequentially stores the 
odd lines of the 24-frame progressive standard-defi- 
nition video signal received from the filter 24 via the 
switch 27a. The memory bank 26b sequentially stores 
the even lines of the 24-frame progressive standard- 



definition video signal received from the filter 24 via 
t he switch 27a. Consequently, odd fields consisting of 
odd lines and even fields consisting of even lines of 
a 48-f ield interlaced standard-definition video signal 

5 are stored in the memory bank 26a and the memory 
bank 26b, respectively. 

If it is acceptable for the consumer recording me- 
dium, such as the video cassette 7 and the video disk 
8 recorded by the duplicating apparatus 6 to have a 

10 format that is incompatible with the conventional con- 
sumer recording medium, such as the video cassette 
72 and the video disk 82, recorded on the duplicating 
apparatus 63, but it is nevertheless desired to record 
an interlaced video signal on the consumer recording 

15 medium, the switch 27b may be caused to operate at 
the field rate of a 48-field interlaced standard defini- 
tion video signal to connect the memory banks 26a 
and 26b alternately to the standard definition video 
recorder (SD-VTR) 5. The 48-frame interlaced stan- 

20 dard-definition video signal is then reproduced by the 
SD-VTR 5, and fed to the duplicating apparatus 6, for 
copying onto the consumer recording medium, such 
as the video cassette 7 and the video disk 8. 

To provide a video signal for recording on a con- 

25 sumer recording medium, such as the video cassette 
7 and the video disk 8, such that the consumer re- 
cording medium has recorded thereon a video signal 
that is downwards compatible with an existing repro- 
ducing-and-display apparatus, the switch 27b oper- 

30 ates at the field rate of a 60 field per second (60-f ield) 
interlaced standard definition video signal to connect 
the memory banks 26a and 26b alternately to the 
standard definition video recorder (SD-VTR) 5. By op- 
erating at 60 Hz, the switch 27b performs 3-2 pull- 

35 down to convert the fields of a 48-field interlaced 
standard-definition video signal stored in the memory 
banks 26a and 26 to the 60-f ield interlaced standard- 
definition video signal V02. The switch 27b feeds the 
odd fields stored in the memory bank 26a and the 

40 even fields stored in the memory bank 26b in the al- 
ternating sequence to be described next to the SD- 
VTR 5. 

The switch 27b performs 3:2 pull down as fol- 
lows. The switch 27b first feeds a first field (an odd 

45 field) from the memory bank 26a, the second field (an 
even field) from the memory bank 26b, the third field 
(an odd field) from the memory bank 26a and the 
fourth field (an even field) from the memory bank 26b 
to the SD-VTR 5. The switch 27b then returns to the 

so memory bank 26a, which still contains the third field. 
The switch 27b then feeds the third field (an odd field) 
from the memory bank 26a to the SD-VTR 5 for a sec- 
ond time. The switch 27b then switches to the mem- 
ory bank 26b, and feeds the sixth field (an even field) 

55 to the SD-VTR 5. The switch 26b returns to the mem- 
ory bank 26a, the contents of which have now 
changed to the fifth field, and feeds the fifth field (an 
odd field) to the SD-VTR 5. The switch 27b then feeds 
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the eighth field (an even field) from the memory bank 
26b, and t he sevent h field from the memory bank 26a 
to the SD-VTR 5. After feeding the seventh field from 
the memory bank 26a, the switch 27b returns to the 
memory bank 26b, which still contains the eighth 
field. The switch 27b then feeds the eighth field from 
the memory bank 26b to the SD-VTR 5 for a second 
time. The switch 27b then returns to the memory 
bank 26a and the sequence then repeats. In the way 
just described, ten fields of the 60-field interlaced 
standard-definition video signal V02 are derived from 
every eight fields of the 48-f ield interlaced standard- 
definition video signal stored in the memory banks 
26a and 26b. 

The state of the video signal as it passes through 
the down converter 4 (Figure 5A) is illustrated in Fig- 
ure 5B. In a practical apparatus, the switches 23a and 
23b and the switches 27a and 27b are realized using 
memory controllers controlling the write addresses 
and the read addresses of the respective memory 
banks 22a and 22b, and 26a and 26b. 

In the manner described above, the memory unit 
25 converts the 24-frame progressive standard-defi- 
nition video signal into the 60-field interlaced stan- 
dard-definition video signal V02, and feeds the 60- 
field interlaced standard -definition video signal to the 
SD-VTR 5. The SD-VTR 5 (Figure 4) records the 60- 
field interlaced standard-definition video signal V02 
from the down-converter 4 on a recording medium, 
such as a video tape. 

As described above, the vertical resolution of the 
48-field interlaced high-definition video signal provid- 
ed by the telecine apparatus 2 is reduced by the prod- 
uct of the number of lines, i.e., 1125, and the camera 
factor Kc. However, even if the camera factor Kc = 
0.6, i.e., the smallest value in the above-mentioned 
range of the camera factor, the vertical resolution is 
still greaterthan the number of effective lines in a 60- 
field interlaced standard-definition video signal, 
which is usually about 480 lines in the NTSC system. 

Since the down-converter 4 converts the 48-field 
interlaced high-definition video signal VI1 having a 
high vertical resolution into the 24-frame progressive 
high-definition video signal VI2, and converts the 24- 
frame progressive high -definition video signal VI2 
into the 24-frame interlaced standard-definition video 
signal VOI, the vertical resolution of the 60-field in- 
terlaced standard-definition video signal V02 from 
the down-converter 4 is substantially equal to the 
number of effective lines in the 60-field interlaced 
standard-definition video signal V02. The signal pro- 
vided by the down converter 4 will therefore be refer- 
red to as the increased vertical resolution (IVR) 60- 
field interlaced standard-definition video signal V02. 
The IVR 60-field interlaced standard-definition video 
signal V02 can be recorded by the SD-VTR 5, a con- 
ventional VTR. 

The IVR 60-field interlaced standard-definition 



video signal V02 recorded by the SD-VTR 5 is repro- 
duced by the SD-VTR 5, and fed to the encoder 70. 
The encoder 70 converts the IVR 60-field interlaced 
standard-definition video signal V02 reproduced by 

5 the SD-VTR 5 into an IVR composite video signal, 
such as an IVR NTSC composite video signal or an 
IVR PAL composite video signal, and feeds the result- 
ing IVR composite video signal to the duplicating ap- 
paratus 6. The duplicating apparatus 6 makes copies 

10 of the IVR composite video signal on a consumer re- 
cording medium, such as the video cassette 7 or the 
video disk 8. Alternatively, the duplicating apparatus 
6 can make copies of the IVR composite video signal 
on industrial or professional recording media. Fur- 

15 ther, the duplicating system 6 can be a distribution 
system, such as a broadcast, cable, telephone, or 
ISDN distribution system, through which the signal 
from the SD-VTR 5 is distributed to the end user. 
Hence all references herein to consumer recording 

20 medium will be understood also to include industrial 
and professional recording media, and such distribu- 
tion media as broadcast, cable, telephone, or ISDN. 

Since the IVR composite video signal recorded 
on the consumer video medium, such as the video 

25 cassette 7 or the video disk 8, is an interlaced video 
signal and has a high vertical resolution, interline 
flicker occurs when the IVR composite video signal is 
displayed in the interlaced scanning mode of a stan- 
dard TV broadcasting system. Consequently, the re- 

30 suiting pictures are perceived as having a poor picture 
quality. 

Pictures of satisfactory picture quality can be ob- 
tained when the IVR composite video signal recorded 
on the consumer recording medium, such as the vid- 

35 eo cassette 7 or the video disk 8, is displayed using 
progressive, i.e., non-interlaced, scanning. To enable 
the scanning mode to be automatically switched to 
progressive scanning when an IVR signal is to be dis- 
played, the duplicating apparatus 6 is adapted to re- 

40 cord scanning mode information on the end-user for- 
mat medium in addition to the IVR composite video 
signal. The scanning mode information indicates that 
an IVR composite video signal is recorded on the con- 
sumer recording medium, and that the IVR composite 

45 video signal should be displayed using progressive 
scanning. The scanning mode information can be re- 
corded in the Table of Contents (TOC) of the consum- 
er recording medium, such as the video cassette 7 or 
the video disk 8. 

so Figure 8 is a block diagram of a reproducing and 

displaying system embodying the present invention 
for reproducing and displaying the IVR composite vid- 
eo signal recorded on, for example, the video disk 8 
by the duplicating apparatus 6 shown in Figure 4. The 

55 IVR composite video signal is an 60-field interlaced 
standard-definition video signal with increased verti- 
cal resolution. 

The reproducing and displaying system compris- 
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es the disk reproducer 40 and the display unit 50. The 
disk reproducer 40 comprises the disk playback sys- 
tem 41 , the video/audio decoder 42, the control circuit 
43, and the user interface 44. The disk reproducer 40 
reproduces the information recorded on the disk 8 by 
the duplicating apparatus 6 shown in Figure 4. The 
disk reproducer 40 is also capable of reproducing a 
conventionally-recorded disk, such as disk 72 record- 
ed by the conventional duplicating apparatus 63 
shown in Figure 1. 

When the disk reproducer 40 reproduces the in- 
formation recorded on the disk 8, the control circuit 43 
first causes the disk playback system 41 to read the 
Table of Contents (TOC) information recorded on the 
disk 8. The disk playback system 41 reproduces the 
information recorded on the disk 8, and feeds an RF 
signal to the video/audio decoder 42. The control cir- 
cuit 43 causes the video/audio decoder 42 to decode 
the RF signal to provide a video signal and audio sig- 
nal. 

The video signal produced by the video/audio de- 
coder 42 appears at the video terminal 45a, and the 
audio signal is fed to the audio output terminal 45c for 
connecting to a suitable amplifier and loudspeaker 
(not shown). 

The control circuit 43 detects the scanning mode 
information included in the TOC information repro- 
duced from the disk 8. When the control circuit 43 
finds scanning mode information in the TOC informa- 
tion, indicating that the composite video signal re- 
corded on the disk 8 is to be displayed using progres- 
sive scanning, the control circuit feeds a set scanning 
mode 0 signal to the scanning mode output terminal 
45b to set the scanning mode of the display unit 50 
to progressive scanning. 

When the control circuit 43 finds no scanning 
mode information in the TOC information, it determi- 
nes that the video signal recorded on the disk 8 is to 
be displayed using interlaced scanning, and feeds a 
set scanning mode 1 signal to the scanning mode out- 
put terminal 45b to set the scanning mode of the dis- 
play unit 50 to interlaced scanning. 

The user interface 44 includes a control panel, 
not shown, provided with, for example, a main switch, 
a playback button, a fast forward button, a rewind but- 
ton, and the like. The user interface also includes in- 
dicators for showing the operational state of the disk 
reproducer 40, such as playback, fast forward, re- 
wind, and the like. The user interface also displays 
the playing time of the information reproduced from 
the disk 8. The control circuit 43 controls the opera- 
tion of the disk reproducer 40 in response to com- 
mand signals entered by user operating the control 
panel. The control circuit 43 also provides information 
about the operational state of the disk reproducer 40, 
the playing time of the information recorded on the 
disk 8, which is known from the TOC information, and 
the like, to the user interface 44, for display to the 



user. 

The display unit 50 comprises the sync separator 
circuit 52, the scanning mode converting circuit 53, 
the video signal processing circuit 54, the display 55, 

5 for example, a CRT, and the scanning circuit 56. The 
display unit 50 also includes the video input terminal 
51a, and the scanning mode input terminal 51b for 
connection to the video output terminal 45a and the 
scanning mode output terminal 45b, respectively, of 

10 the disk reproducer 40. 

The sync separator circuit 52 separates the syn- 
chronizing signals from the video signal fed from the 
disk reproducer 40 via the video output terminal 45a 
and the video terminal 51a. The sync separator circuit 

15 feeds the synchronizing signals to the scanning cir- 
cuit 56, and feeds the remainder of the video signal 
to the scanning mode converting circuit 53. 

The scanning mode converting circuit 53 sets the 
scanning mode of the video signal from the sync sep- 

20 arator circuit 52 in response to the scanning mode 
setting signal received from the disk reproducer 40 
via the scanning mode output terminal 45b and the 
scanning mode input terminal 51b. When the scan- 
ning mode converting circuit 53 receives the setscan- 

25 ning mode 1 signal from the disk reproducer 40, indi- 
cating that the video signal reproduced by the disk re- 
producer 40 from the disk 8 was recorded by the con- 
ventional duplicating apparatus shown in Figure 1, 
and should be displayed using interlaced scanning, 

30 the scanning mode converting circuit 53 transfers the 
video signal received from the sync separator circuit 
52 directly to the video signal processing circuit 54. 
The video signal processing circuit 54 processes the 
video signals from the scanning mode converting cir- 

35 cuit 53 using a predetermined signal processing pro- 
cedure, for example, NTSC decoding, and feeds the 
processed video signal to the display 55. 

The set scanning mode 1 signal from the disk re- 
producer 40 is also fed to the scanning circuit 56. In 

40 response to the synchronizing signals provided by 
the sync separator circuit 52, the scanning circuit 56 
provides scanning signals to drive the display 55 in in- 
terlaced scanning mode with a frame frequency of 30 
Hz, i.e., the scanning circuit 56 provides scanning sig- 

45 nal to drive the display 55 with a field rate of 60 Hz . 

In the way just described, the display 55 in the 
display unit 50 displays pictures in the same manner 
as that in which a conventional display unit displays 
pictures. 

so When the scanning mode converting circuit 53 

receives the set scanning mode 0 signal from the disk 
reproducer40, indicating that the video signal record- 
ed on the disk 8 is an increased vertical definition vid- 
eo signal recorded by the duplicating apparatus 

55 shown in Figure 4, and should be displayed using pro- 
gressive scanning, the scanning mode converting cir- 
cuit 53 sets the scanning mode for scanning the video 
signal from the sync separator circuit 52 to progres- 
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sive scanning. 

When the video signal recorded on the disk 8 has 
an increased vertical resolution, interline flicker 
would occur if the video signal reproduced by the disk 
reproducers were displayed using interlaced scan- 5 
ning. Therefore, the scanning mode converting circuit 
53 converts the 60-field IVR composite video signal 
reproduced from the disk 8 into a 24-frame progres- 
sive standard-definition video signal. 

The configuration of the scanning mode convert- 10 
ing circuit 53 is similar, for example, to the memory 
unit 21 shown in Figure 5A. The scanning mode con- 
verting circuit 53 detects and discards duplicate fields 
in the 60-field IVR interlaced standard-definition vid- 
eo signal from the sync separator 52. The scanning 15 
mode converting circuit 53 then interleaves the lines 
of the odd fields and the even fields of the resulting 
48-field IVR interlaced standard-definition video sig- 
nal so that the lines of the odd fields and the lines of 
the even lines are arranged alternately. This converts 20 
the 60-field IVR interlaced standard-definition video 
signal from the disk reproducers intoa24-frame IVR 
progressive standard-definition video signal. 

The set scanning mode 0 signal from the disk re- 
producer 40 is also fed to the scanning circuit 56. In 25 
response to the set scanning mode 0s\gna\, the scan- 
ning circuit 56 generates scanning signals to drive the 
display 55 in the progressive scanning mode with a 
frame frequency of 24 Hz. This way, pictures can be 
displayed on the display 55 with a high vertical reso- 30 
lution and without interline flicker. 

With most video displays, displaying pictures 
with a frame rate of 24 Hz would produce severe flick- 
er because of insufficient persistence in the display. 
To reduce this flicker, the scanning circuit 56 can gen- 35 
erate scanning signals to drive the display 55 in the 
progressive scanning mode with a frame frequency of 
48 Hz, and each frame of the 24-frame IVR progres- 
sive standard-definition video signal can be displayed 
twice. Even less flicker will result if the scanning cir- 40 
cuit generates scanning signals to drive the display 
55 in the progressive scanning mode with a frame fre- 
quency of 72 Hz, and each frame of the 24-frame IVR 
progressive standard-definition video signal is dis- 
played three times. 45 

The use of M PEG2 bit stream as t he format of vid- 
eo signals will be now be described. 

The MPEG standard requires that the video sig- 
nal be formatted according to the MPEG standard 
with a structure defined by the video_sequence 50 
shown in Figure 9A. The video_sequence includes a 
portion called extension_and_user_ data(i) wherein 
extension_data and user_data are stored. Figure 9B 
shows the structure of the extension_and_user_da- 
ta(i) portion. The presence of an extension_start_co- 55 
de in the extension_and user_data(i) portion indi- 
cates that the data following the extension_start_co- 
de is extension_data(i). 



The first four bits following the extension_start_co- 
de(i) provide the extensionJD which specifies the 
type of the extension_data. Figure 9C shows the ex- 
tensionJD table in which the different types of exten- 
sion_data indicated by the possible values of the 
four- bit extensionJD code are shown. An exten- 
sionJD of 1000 indicates a picture_coding_exten- 
sion, the structure of which is shown in Figure 9D. 

The picture_coding_extension includes a nonjn- 
terlaced Jrame flag. The nonjnterlaced Jlag is in its 
0 state indicates that a frame consisting of two fields 
is an image scanned by interlaced scanning, whereas 
flag in its 1 state indicates that a frame is an image 
scanned by progressive scanning. This flag provides 
information equivalent to "scanning information indi- 
cating the scanning mode of the image" in the present 
invention. 

Figure 10 shows a telecine system in an embodi- 
ment according to the present invention employing 
the MPEG system. Components corresponding to 
those in the telecine system shown in Figure 4 are in- 
dicated by the same reference numerals. The SD- 
VTR 5 feeds the reproduced 60-field IVR interlaced 
standard-definition video signal to the MPEG encod- 
er 91 . The MPEG encoder 91 encodes the video sig- 
nal it receives according to the MPEG2 standard, and 
feeds the resulting MPEG-encoded video signal to 
t he duplication apparatus 6. Since t he video signal re- 
ceived by the MPEG video encoder 91 is intended for 
display by sequential scanning, the MPEG encoder 
sets the nonjnterlace Jrame flag to its 1 state. 

The MPEG-encoded signal generated by the 
MPEG encoder 91 is interlaced similarly to a conven- 
tional MPEG-encoded signal, and the duplicating ap- 
paratus 6 makes copies of the MPEG-encoded signal 
from the MPEG encoder on the consumer video cas- 
sette 7 or video disk 8. The MPEG encoder 91 in- 
cludes the signal indicating that the signal recorded 
on the video disk or video cassette should be dis- 
played using sequential scanning, i.e., the nonjnter- 
laced Jrame flag, in the picture_coding_extension of 
the video_sequence including the video signal. Thus, 
the signal indicating that the signal recorded on the 
video cassette or the video disk should be displayed 
using sequential scanning is recorded on the video 
cassette 7 or video disk 8 as part of the MPEG- 
encoded signal recorded thereon. 

Figure 11 is a block diagram of a reproducing- 
and-displaying system in a preferred embodiment ac- 
cording to the present invention for reproducing the 
video signal recorded on, for example, the video disk 
8 by the duplicating apparatus 6 shown in Figure 10, 
and for displaying the reproduced video signal. The 
configuration of the reproducing-and-displaying sys- 
tem shown in Figure 11 is substantially the same as 
that of the reproducing-and-displaying system shown 
in Figure 8, except that the former is provided with a 
MPEG video/audio decoder 46 instead of the vid- 
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eo/audio decoder 42. Components corresponding to 
those in the reproducing-and-displaying system 
shown in Figure 8 are indicated by the same refer- 
ence numerals. 

In the disk reproducer 40, the control circuit 43 
causes the disk playback system 41 to read table of 
contents (TOC) information from the video disk 8, and 
receives the TOC data. The disk playback system 41 
reproduces the MPEG-encoded signal recorded on 
the video disk 8 and feeds an RF signal to the MPEG 
video/audio decoder 46. Then, the control circuit 43 
causes the video/audio decoder 46 to decode the RF 
signal received from the disk playback system 41 to 
derive therefrom a video signal and an audio signal. 

The video signal produced by the MPEG vid- 
eo/audio decoder 46 is fed to the video output termi- 
nal 45a, and the audio signal is fed to the audio output 
terminal 45c for connection to a suitable amplifier and 
loudspeaker, not shown. 

The MPEG video/audio decoder 46 extracts the 
non_interlaced_frame flag from the picture_cod- 
ing_extension of the video_sequence of the MPEG- 
encoded signal decoded from the RF signal, and 
transfers the flag to the control circuit 43. The non_in- 
terlaced_frame flag in its 1 state indicates to the con- 
trol circuit 43 that the video signal derived from the 
MPEG-encoded signal reproduced from the video 
disk 8 is an increased vertical resolution (IVR) video 
signal, and is to be displayed using progressive scan- 
ning. Consequently, the control circuit 43 feeds the 
set scanning modeO signal to the scanning mode out- 
put terminal 45b to set the display unit 50 to sequen- 
tial scanning. The non_interlaced_frame flag in its 0 
state indicates to the control circuit 43 that the video 
signal derived from the MPEG-encoded signal repro- 
duced from the disk 8 is a conventional video signal, 
and is to be displayed using interlaced scanning. Con- 
sequently, the control circuit 43 feeds the set scan- 
ning mode 1 signal to the scanning mode output ter- 
minal 45b to set the display unit 50 to interlaced scan- 
ning. 

The operation of the display unit 50 is identical 
with that of the display unit 50 described above with 
reference to Figure 8, and hence will not be described 
again here. 

Figure 12 shows a reproducing-and-displaying 
system in which the scanning mode converting circuit 
47 is included in the disk reproducer 40 instead of be- 
ing included in the display unit 50, as the scanning 
mode converting circuit is in the reproducing-and-dis- 
playing system shown in Figure 11. The scanning 
mode converting circuit 47 provides a video signal 
having a scanning mode set according to the set 
scanning mode signal received from the control circuit 
43. The decoded video signal with its scanning mode 
set as just described is fed to the display unit 50 via 
the video output terminal 45a and the video input ter- 
minal 51a. The display unit 50 displays the video sig- 



nal from the disk reproducer 40 in response to scan- 
ning signals supplied by the scanning circuit 56. The 
scanning mode of the scanning circuit is specified by 
the set scanning mode signal also received from the 
5 disk reproducer 40 via the set scanning mode output 
terminal 46b and the set scanning mode input termi- 
nal 51b. 

The scanning mode converting circuit 47 oper- 
ates in the same way as the scanning mode convert- 

10 ing circuit 53 described above with reference to Fig- 
ure 8, and so will not be described again here. The 
scanning circuit 56 in the display unit 50 operates in 
response to the set scanning mode signal in the same 
way as described above with reference to Figure 8, so 

15 will not be described again here. 

In a further alternative embodiment, not shown, 
the MPEG video/audio decoder and the scanning 
mode converting circuit are relocated to the display 
unit, and operate in response to the RF signal from 

20 the disk playback system in the disk reproducing unit. 

In the embodiments described above, a video 
tape reproducer (not shown) reproducing the con- 
sumer video cassette 7 may be substituted for the 
disk reproducer 40 reproducing the consumer video 

25 disk 8. 

As shown in Figure 13, the IVR interlaced stan- 
dard-definition video signal may originate from a 
broadcast, cable, or telephone video distribution sys- 
tem, and the circuitry described above may distribut- 

30 ed between the converter box 40 and the display unit 
50. Alternatively, all of the circuits shown in Figure 13 
may be located in the display unit 50, which would 
then be a television receiver or monitor. In Figure 13, 
the selector 48 operates in response to the control cir- 

35 cuit 43, to select the channel or program chosen by 
the user using the user interface. When the signal on 
the selected channel is determined to be a signal en- 
coded according to the MPEG standard, the MPEG- 
encoded signal is passed to the MPEG decoder 46. 

40 The MPEG decoder extracts the non_interlaced_fra- 
me flag from the MPEG-encoded signal, and feeds it 
to the control circuit 43. The control circuit 43 gener- 
ates the set scanning mode signal which is provided 
to the display unit 50 to cause the display unit to dis- 

45 play the video signal decoded from the MPEG- 
encoded signal in the appropriate scanning mode, as 
described above. 

From the foregoing description it can be seen 
that, since the scanning mode in which the video sig- 

50 nal is to be displayed is determined by scanning mode 
information included in the video signal, or recorded 
on the consumer recording medium, such as the vid- 
eo cassette 7 or the video disk 8, downward compa- 
tibility with interlaced standard-definition video sig- 

55 nals can be obtained, and pictures having a high vert- 
ical resolution can be displayed with a high picture 
quality without interline flicker. 

In the duplicating apparatus shown in Figure 4, 
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the HD telecine apparatus 2, the HD-VTR 3 and the 
down-converter 4 may be replaced by the standard- 
definition (SD) telecine apparatus 11 having an image 
sensor (not shown) capable of converting the frames 
of the motion picture film 1 into a standard-definition 
video signal. The SD telecine apparatus 11 provides 
a progressive standard-definition video signal with 
525 lines and an aspect ratio 4:3. The scanning mode 
converting circuit 12 then converts the progressive 
standard-definition video signal into an interlaced 
standard-definition video signal for recording on the 
SD-VTR 5. The scanning mode converting circuit 12 
would be similar to the down -converter 4 shown in 
Figure 5A, but would lack the filter 24. 

Although illustrative embodiments of the inven- 
tion have been described herein in detail, it is to be un- 
derstood that the invention is not limited to the pre- 
cise embodiments described, and that various modi- 
fications may be practiced within the scope of the in- 
vention defined by the appended claims. 



Claims 

1 . Apparatus for deriving from a motion picture film 
a video signal for transfer to a video recording me- 
dium (7, 8), the video signal having an increased 
vertical resolution, and being for display using 
progressive scanning, the apparatus comprising: 

deriving means (2-5, 11, 12) for deriving 
the video signal from the motion picture film; 

flag signal generating means for generat- 
ing a flag signal indicating that the video signal 
is for display using progressive scanning; and 

recording means (6) for recording the vid- 
eo signal and the flag signal in the recording me- 
dium (7, 8). 

2. The apparatus of claim 1 , wherein: 

the recording medium (7, 8) includes a ta- 
ble of contents; and 

the recording means (6) is for recording 
the flag signal in the table of contents. 

3. The apparatus of claims 1 or 2, wherein: 

the deriving means includes means (90) 
for encoding the video signal to provide an 
MPEG-encoded signal, the MPEG encoded sig- 
nal including a non- inter lace-frame flag; and 

the flag signal generating means is for set- 
ting the non-inter lace-frame flag to a state indi- 
cating a non-interlace frame. 

4. The apparatus of any of claims 1 to 3, wherein the 
deriving means includes: 

a telecine apparatus (2) generating a pro- 
gressive video signal; and 

means (4) for converting the progressive 



video signal to an interlaced video signal to pro- 
vide the video signal. 

5. The apparatus of claim 4, wherein: 

5 the progressive video signal includes plu- 

ral frames, each frame including odd lines inter- 
leaved with even lines; 

the interlaced video signal includes plural 
frames, each frame including an odd field and an 
10 even field, each filed including plural lines; and 

the means (4) for converting the progres- 
sive video signal to the interlaced video signal in- 
cludes: 

a first odd field memory (22a) and 
15 a first even field memory (23a), 

means (3) for feeding the odd lines 
of each frame of the progressive video signal into 
the first odd field memory (22a), and for feeding 
the even lines of each frame of the progressive 
20 video signal into the first even field memory 

(23a), and 

means (24) for reading the odd field 
of each frame of the interlaced video signal from 
the first odd field memory (22a) and for reading 
25 the even field of the frame of the interlaced video 

signal from the first even field memory (23a). 

6. The apparatus of any of claims 1 to 5, wherein the 
deriving means includes: 

30 a high definition telecine apparatus (2) 

generating an interlaced high-definition video 
signal; 

means (4) for converting the interlaced 
high-definition video signal into a progressive 

35 high-definition video signal, the interlaced high 

definition video signal including plural frames, 
each frame including a number of pixels; and 

means for reducing the numberof pixels in 
each frame of the progressive high-definition vid- 

40 eo signal to provide a frame of a progressive stan- 

dard-definition video signal to provide the video 
signal. 

7. The apparatus of claim 6, wherein: 

45 each frame of the interlaced high- 

definition video signal includes an odd field and 
an even field, each field including plural lines; 
and 

each frame of the progressive video signal 
so includes odd lines interleaved with even lines: 

the means (4) for converting the inter- 
laced high-definition video signal to the progres- 
sive high definition video signal includes: 

a first odd field memory (22a) and 
55 a first even field memory (23a), means (3) for 

feeding the odd field of each frame of the inter- 
laced high-definition video signal into the first 
odd field memory (22a), and for feeding the even 
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field of each frame of the interlaced high- 
definition video signal into the first even field 
memory (23a), and 

means (24) for alternately reading 
the odd lines of each frame of the progressive 
high-definition video signal from the first odd field 
memory (22a) and the even lines of the frame of 
the progressive high-definition video signal from 
the first even field memory (23a). 

8. The apparatus of claims 6 or 7, additionally com- 
prising means (12) for converting the progressive 
standard-definition video signal into an inter- 
laced standard-definition video signal to provide 
the video signal. 

9. The apparatus of claim 8, wherein: 

each frame of the progressive standard 
definition video signal includes odd lines inter- 
leaved with even lines; 

the interlaced standard-definition video 
signal includes plural frames, each frame includ- 
ing an odd field and an even field, each field in- 
cluding plural lines; and 

the means (12) for converting the progres- 
sive standard-definition video signal to the inter- 
laced standard-definition video signal includes: 

a second odd field memory and a 
second even field memory, 

means for feeding the odd lines of 
each frame of the progressive standard-defini- 
tion video signal into the second odd field mem- 
ory, and for feeding the even lines of each frame 
of the progressive standard-definition video sig- 
nal into the second even field memory, and 

means for reading one of the odd 
field and the even field of each frame of the in- 
terlaced standard-definition video signal from t he 
second odd field memory and for reading the 
other of the odd field and the even field of the 
frame of the interlaced standard-definition video 
signal from the second even field memory. 

10. The apparatus of claims 8 or 9, wherein: 

the high-definition telecine apparatus gen- 
erates an interlaced high-defintion video signal 
having a field rate of 48 Hz; 

the video signal has a field rate of 60 Hz; 

and 

the means (12) for converting the progres- 
sive standard-definition video signal into the in- 
terlaced standard-definition video signal includes 
means for performing 2:3 pull-down to provide 
field rate conversion. 

11. The apparatus of any of claims 6 to 10, wherein 
the means for reducing the number of pixels in 
each frame of the progressive high-definition vid- 



eo signal includes a 3 x 3 filter. 

12. A method of deriving an interlaced standard-def- 
inition video signal from an interlaced high- 

5 definition video signal, the interlaced standard- 

definition video signal having an increased verti- 
cal resolution, the method comprising the steps 
of: 

converting the interlaced high-definition 
10 video signal into a progressive high-definition vid- 

eo signal, the interlaced high-definition video sig- 
nal including plural frames, each frame including 
a number of pixels; 

reducing the number of pixels in each 
15 frame of the progressive high-definition video 

signal to provide a frame of a progressive stan- 
dard-definition video signal; and 

converting the progressive standard-defi- 
nition video signal into the interlaced standard- 
20 definition video signal. 

13. The method of claim 12, additionally comprising 
the steps of: 

providing a recording medium (7, 8); and 
25 recording the interlaced standard-defini- 

tion video signal on the recording medium (7,8). 

14. The method of claims 12 or 13, additionally com- 
prising the step of including in the interlaced 

30 standard definition video signal a flag signal indi- 

cating that the interlaced standard-definition vid- 
eo signal has an increased vertical resolution. 

15. The method of claim 14, additionally comprising 
35 the steps of: 

providing a recording medium (7, 8); and 
recording the interlaced standard-defini- 
tion video signal including the flag signal on the 
recording medium (7, 8). 

40 

16. The method of claims 14 or 15, additionally com- 
prising the steps of: 

applying MPEG encoding to the interlaced 
standard-definition video signal to provide an 
45 MPEG-encoded signal, the MPEG encoded sig- 

nal including a non-interlace-frame flag; and 

setting the non-interlace-frame flag to a 
state indicating a non-interlace frame. 

50 17. The method of any of claims 14 to 16, additionally 
comprising the steps of: 

providing a recording medium (7, 8); and 
recording the MPEG-encoded signal in- 
cluding the non-interlace-frame flag on the re- 
55 cording medium (7, 8). 

18. The method of any of claims 12 to 17, additionally 
comprising the steps of: 
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converting the interlaced standard-defini- 
tion signal to a progressive standard-definition 
video signal; and 

displaying the progressive standard-defi- 
nition video signal using progressive scanning. 

19. The method of claim 18, wherein: 

the method additionally comprises the 
steps of: 

including in the interlaced standard 
definition video signal a flag signal indicating that 
the interlaced standard-definition video signal 
has an increased vertical resolution, and 

extracting the flag signal from the 
interlaced standard definition video signal; and 
steps of converting the interlaced standard-defi- 
nition signal to a progressive standard-definition 
video signal, and displaying the progressive stan- 
dard-definition video signal using progressive 
scanning are performed in response to the flag 
signal extracted in the extracting step. 

20. The method of claims 18 or 19, wherein: 

the method additionally comprises the 
steps of: 

providing a recording medium (7, 

8), 

applying MPEG encoding to the in- 
terlaced standard-definition video signal to pro- 
vide an MPEG-encoded signal, the MPEG- 
encoded signal including a non-interlace-frame 
flag, 

setting the non-interlace-frame 
flag to a state indicating a non- interlace frame, 

recording the MPEG-encoded sig- 
nal on the recording medium (7, 8), 

reproducing the MPEG-encoded 
signal from the recording medium (7, 8), and 

determining the state of the non-in- 
terlace-frame flag in the MPEG-encoded signal 
reproduced from the recording medium (7, 8); 
and 

steps of converting the interlaced stan- 
dard-definition signal to a progressive standard- 
definition video signal, and displaying the pro- 
gressive standard-definition video signal using 
progressive scanning are performed in response 
to the state of the non-interlace-frame flag signal 
determined in the determining step. 

21. The method of any of claims 12 to 20, wherein: 

each frame of the interlaced high- 
definition video signal includes an odd field and 
an even field, each field including plural lines; 

each frame of the progressive high- 
definition video signal includes odd lines inter- 
leaved with even lines; 

the method additionally comprises 



the step of providing a first odd field memory and 
a first even field memory; and 

the step of converting the interlaced high- 
definition video signal includes the steps of: 

5 feeding the odd field of each frame 

of the interlaced high-definition video signal into 
the odd field memory (22a), and feeding the even 
field of the frame of the interlaced high-definition 
video signal into the even field memory (23a), 

10 and 

alternately reading the odd lines of 
each frame of the progressive high-definition vid- 
eo signal from the odd field memory (22a) and 
the even lines of the frame of the progressive 
15 high-definition video signal from the even field 

memory (23a). 

22. The method of any of claims 12 to 21, wherein: 
each frame of the interlaced standard-def- 
20 inition video signal includes an odd field and an 

even field, each field including plural lines; 

each frame of the progressive standard- 
definition video signal includes odd lines inter- 
leaved with even lines; 
25 the method additionally comprises the 

step of providing a second odd field memory 
(26a) and a second even field memory (26b); and 
the step of converting the progressive 
standard-definition video signal includes the 
30 steps of: 

feeding odd lines of each frame of 
the progressive standard-definition video signal 
into the second odd field memory (26a), and 
feeding even lines of the frame of the progressive 

35 standard-definition video signal into the second 

even field memory (26b), and 

reading the one of the odd field and the 
even field of each frame of the interlaced stan- 
dard-definition video signal from the second odd 

40 field memory (26a) and reading the other of the 

odd field and the even field of the frame of the in- 
terlaced standard-def in ition video s ig nal from t he 
second even field memory (26b). 

45 23. The method of claim 12, wherein, 

the interlaced high-definition video signal 
has a field rate of 48 Hz; 

the interlaced standard-definition video 
signal has a field rate of 60 Hz; and 

so the step of converting the progressive 

standard-definition video signal into the inter- 
laced standard-definition video signal includes 
the step of performing 2:3 pull-down to provide 
field rate conversion. 

55 

24. Apparatus for deriving from a motion picture film 
including plural frames an interlaced standard- 
definition video signal for recording on recording 
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medium (7, 8), the interlaced standard-definition 
video signal having an increased vertical resolu- 
tion, the apparatus comprising: 

means (2) for deriving an interlaced high- 
definition video signal from the motion picture 
film, the interlaced high-definition video signal in- 
cluding plural frames, each frame being derived 
from one frame of the motion picture film; 

means (4) for converting the interlaced 
high-definition video signal into a progressive 
high-definition video signal, the progressive 
high-definition video signal including plural 
frames, each frame including a number of pixels; 

means for reducing the number of pixels in 
each frame of the progressive high-definition vid- 
eo signal to provide a frame of a progressive stan- 
dard-definition video signal; and 

means (11,12) for converting the progres- 
sive standard-definition video signal into the in- 
terlaced standard-definition video signal. 

25. The apparatus of claim 24, additionally compris- 
ing means for adding to the interlaced standard - 
def inition video signal a flag signal indicating that 
the interlaced standard-definition signal has an 
increased vertical resolution. 

26. The apparatus of claim 25, wherein: 

the apparatus additionally comprises 
means for generating a table of contents; and 

the means for adding adds the flag signal 
to the table of contents. 

27. The apparatus of claim 25, wherein: 

the apparatus additionally comprises 
means (90) for applying MPEG encoding to the 
interlaced standard-definition video signal to pro- 
vide an MPEG- encoded signal, the MPEG- 
encoded signal including a non-interlace-frame 
flag; and 

the means for adding sets the non-inter- 
lace-frame flag to a state indicating a non- inter- 
lace frame. 

28. The apparatus of claim 24, wherein: 

each frame of the interlaced high- 
definition video signal includes an odd field and 
an even field, each field including plural lines; 
and 

each frame of the progressive video signal 
includes odd lines interleaved with even lines; 

the means (3, 4) for converting the inter- 
laced high-definition video signal into the pro- 
gressive high-definition video signal includes: 

a first odd field memory (22a) and 
a first even field memory, 

means (3) for feeding the odd field 
of each frame of the interlaced high-definition 



video signal into the first odd field memory (22a), 
and for feeding the even field of the frame of the 
interlaced high-definition video signal into the 
first even field memory (23a), and 

5 means for alternately reading the 

odd lines of each frame of the progressive high- 
definition video signal from the first odd field 
memory (22a) and the even lines of the frame of 
the progressive high-definition video signal from 

10 the first even field memory (23a). 

29. The apparatus of claim 28, wherein: 

each frame of the progressive standard- 
definition video signal includes odd lines inter- 
ns leaved with even lines; 

the interlaced standard-definition video 
signal includes plural frames, each frame includ- 
ing an odd field and an even field, each field in- 
cluding plural lines; and 
20 the means (11, 12) for converting the pro- 

gressive standard-definition video signal to the 
interlaced standard-definition video signal in- 
cludes: 

a second odd field memory and a 

25 second even field memory, 

means for feeding the odd lines of 
each frame of the progressive standard-defini- 
tion video signal into the second odd field mem- 
ory, and for feeding the even lines of the frame 

30 of the progressive standard-definition video sig- 

nal into the second even field memory, and 

means for reading one of the odd 
field and the even field of each frame of the in- 
terlaced standard-definition video signal from the 

35 second odd field memory and for reading the 

other of the odd field and the even field of the 
frame of the interlaced standard-definition video 
signal from the second even field memory. 

40 30. The apparatus of any of claims 24 to 29, wherein: 
each frame of the progressive standard- 
definition video signal includes odd lines inter- 
leaved with even lines; 

the interlaced standard-definition video 
45 signal includes plural frames, each frame includ- 

ing an odd field and an even field, each field in- 
cluding plural lines; and 

the means (11,12) for converting the pro- 
gressive standard-definition video signal to the 
so interlaced standard-definition video signal in- 

cludes: 

a second odd field memory and a 
second even field memory, 

means for feeding the odd lines of 
55 each frame of the progressive standard-defini- 

tion video signal into the second odd field mem- 
ory, and for feeding the even lines of the frame 
of the progressive standard-definition video sig- 
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nal into the second even field memory, and 

means for reading one of the odd 
field and the even field of each frame of the in- 
terlaced standard-definition video signal from the 
second odd field memory and for reading the 
other of the odd field and the even field of the 
frame of the interlaced standard-definition video 
signal from the second even field memory. 

31. The apparatus of any of claims 24 to 30, wherein: 

the high-definition telecine apparatus gen- 
erates an interlaced high-definition video signal 
having a field rate of 48 Hz; 

the video signal has a field rate of 60 Hz; 

and 

the means for converting the progressive 
standard-definition video signal into the inter- 
laced standard-definition video signal includes 
means for performing 2:3 pull-down to provide 
field rate conversion. 

32. The appartus of claim 24, wherein the means (24) 
for reducing the number of pixels in each frame 
of the progessive high-definition video signal in- 
cludes a 3 x 3 filter. 

33. Apparatus for reproducing a video signal record- 
ed on a recording medium (7, 8), the apparatus 
comprising: 

reproducing means (40) for reproducing 
the video signal from the recording medium (7,8); 
and 

extracting means (50) for extracting from 
the video signal reproduced from the recording 
medium (7, 8) a flag signal indicating a scanning 
mode wherein the video signal is to be displayed. 

34. The apparatus of claim 33, wherein the flag sig- 
nal indicates that the video signal is to be dis- 
played using a progressive scanning mode. 

35. The apparatus of claims 33 or 34, wherein: 

the video signal recorded on the recording 
medium (7, 8) includes a table of contents con- 
taining the flag signal; 

the reproducing means (40) reproduces 
the video signal including the table of contents; 
and 

the extracting means (50) extracts the flag 
signal from the table of contents reproduced by 
the reproducing means. 

36. The apparatus of any of claims 33 to 35, wherein: 

the video signal recorded on the recording 
medium (7, 8) is an MPEG-encoded video signal 
including a non- inter I ace-frame flag as the flag 
signal; 

the reproducing means (40) reproduces 



the MPEG-encoded video signal including the 
non-interlace-frame flag from the recording me- 
dium (7, 8); and 

the extracting means (50) includes: 

5 decoding means for decoding the 

MPEG-encoded signal to extract the video signal 
and the non-interlace-frame flag, and 

means for generating the flag sig- 
nal in response to the non-interlace-frame flag 

10 extracted by the decoding means. 

37. The apparatus of any of claims 33 to 36, addition- 
ally comprising: 

display means (55) for displaying a motion 
15 picture in response to the video signal repro- 

duced by the reproducing means (40); and 

scanning means (56) for scanning the dis- 
play means (55) in the scanning mode indicated 
by the flag signal. 

20 

38. The apparatus of claim 37, wherein: 

the video signal reproduced from the re- 
cording medium (7, 8) has a scanning mode dif- 
ferent from the scanning mode indicated by the 

25 flag signal; and 

the apparatus additionally comprises 
means, receiving the video signal reproduced 
from the recording medium (7, 8), and operating 
in response to the flag signal, for converting the 

30 scanning mode of the video signal reproduced 

from the recording medium (7, 8) into the scan- 
ning mode indicated by the flag signal. 

39. The apparatus of any of claims 33 to 38, wherein: 
35 the video signal reproduced from the re- 
cording medium (7, 8) has a scanning mode dif- 
ferent from the scanning mode indicated by the 
flag signal; and 

the apparatus additionally comprises 
40 means, receiving the video signal reproduced 

form the recording medium (7, 8), and operating 
in response to the flag signal, for converting the 
scanning mode of the video signal reproduced 
from the recording medium into the scanning 
45 mode of the video signal reproduced from the re- 

cording medium (7,8) into the scanning mode in- 
dicated by the flag signal. 

40. Apparatus for displaying a motion picture in re- 
50 sponse to a video signal, the video signal having 

a scanning mode, the apparatus comprising: 

receiving means (40) for receiving a flag 

signal indicating a scanning mode wherein the 

video signal is to be displayed, and for providing 
55 a control signal indicating the scanning mode 

wherein the video signal is to be displayed; and 
means (50), responsive to the video signal 

and the control signal, for displaying the motion 
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picture in the scanning mode wherein the video 
signal is to be displayed. 

41. The apparatus of claim 40, wherein: 

the video signal has a scanning mode dif- 
ferent from the scanning mode wherein the video 
signal is to be displayed; 

the apparatus additionally comprises 
means (53), receiving the video signal and re- 
sponsive to the control signal, for converting the 
scanning mode of the video signal to provide a 
scan-converted video signal having the scanning 
mode wherein the video signal is to be displayed; 
and 

the means (55, 56) for displaying the mo- 
tion picture displays the motion picture in re- 
sponse to the scan-converted video signal. 

42. The apparatus of claims 40 or 41, wherein the 
means (55, 56) for displaying the motion picture 
comprises: 

display means (55) for displaying the mo- 
tion picture in response to the video signal; and 

scanning means (56) for scanning the dis- 
play means in a scanning mode determined by 
the control signal. 

43. The apparatus of claim 42, wherein: 

the video signal has a scanning mode dif- 
ferent from the scanning mode wherein the video 
signal is to be displayed; and 

the apparatus additionally comprises 
means (53), receiving the video signal and re- 
sponsive to the control signal, for converting the 
scanning mode of the video signal to provide a 
scan-converted video signal having the scanning 
mode wherein the video signal is to be displayed; 

the display means (55, 56) displays the 
motion picture in response to the scan-converted 
video signal. 

44. The apparatus of any of claims 40 to 43, wherein: 

the scanning mode of the video signal is 
interlaced scanning; and 

the scanning mode wherein the video sig- 
nal is to be displayed is progressive scanning. 

45. The apparatus of any of claims 40 to 44, wherein: 

the video signal is reproduced from a re- 
cording medium (7, 8), and 

the receiving means receives the flag sig- 
nal reproduced from the recording medium (7, 8). 

46. The apparatus of claim 45, wherein: 

the video signal includes a table of con- 
tents including the flag signal; and 

the receiveing means is for receiving the 
table of contents and for generating the control 



signal in response to the flag signal in the table 
of contents. 

47. The apparatus of claims 45 or 46, wherein 
5 the video signal is a component of an 

MPEG-encoded signal including a non-inter lace- 
frame flag as the flag signal; 

the receiving means (40) includes: 

means (48) for receiving the 
10 MPEG-encoded signal, and 

means (46) for decoding the video 
signal from MPEG-encoded signal, and 

the receiving means (40) provides the 
control signal in response to the non-inter lace- 
15 frame flag. 
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video.sequenceQ { 

next.start.code () 
sequence_header() 

if ( nextbitsQ — extension.start.code) { MPEG 2 syntax 

sequence, extens ion 0 
do{ 

extension.and_user_data (0) 
do{ 

if (next.bitsO = group_.stort.code) { 
g rou p.of. pictures, header () 
extension.and .user.data ( 1 ) 

) 

picture.header () 

extensions. and_user_ data ( 2 } 

picture, data 0 
} while ( (next.bitsO = picture.start.code) II 

next.bitsO = group.start.code ) ) 
if ( nextbitsQ != sequence_end.code) { 

sequence. header 0 

sequence.extension 0 

} 

} while ( nextbitsO != sequence.end.code) 
}else{ — MPEG I syntax 

do{ 

do{ 

group.of.pictures.header 0 
if (next.bitsO = user.data_start.code ) 
user.data 0 

do{ 

picture.headerO 

if ( next.bitsO = user.data_start.code ) 

user.data 0 
picture_data () 
} while ( next.bitsO = picture.start.code } 
} while ( next.bitsO = group.start.code ) 
if (nextbitsO \ = sequence.end.code) 
sequence_header () 
} while ( nextbitsO ! = sequence.end.code ) 

J 

sequence_end_code 

} 
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extension_and_user_data( i ) { No. of bits Mnemonic 

while ( ( nextbits() = extension_start_code)ll 

( nexlbitsO = user - start_code) ) { 
if ( nextbits()=extension„start_cxxje) 

extenslon_data ( i ) 
if ( nextbits() = user_start_code ) 
user_data () 

} 

) 

} 



F I G . 9C 



EXTENSION ID 



EXTEN- 
SION ID 


NAME 


FOLLOWS 
SEQUENCE 
HEADER (i-0) 


FOLLOWS 
GOP 

HEADER(i=l) 


FOLLOWS 
PICTURE 
HEADER(I=2) 


0000 


reserved 








0001 


Sequence Extension 


Always 






0010 


Sequence Display 


Optional 






001 1 


Quant Matrix 


Optional 




Optional 


0100 


Sequence Frequency 


Conditional 






OIOI 


Sequence Spatial 


Conditional 






01 10 


10 bit input ? 








01 1 1 


Picture Pan-Scan 






Optional 


lOOO 


Picture Coding 






Always 


1001 


Picture Spatial 






Optional 


1010 


FF/FR ???? 








IOI 1 


reserved 


















1 1 1 1 


reserved 
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picture_coding_extension() { 

extension_start_code 
extension_id 

for ward_hor izontal_f_code 
for ward_vertical_f_code 
back ward_hor izontal_f_code 
backward_vertical_f_code 
intra_dc_precision 
picture_structure 
top_f ield_f trst 
frame_pred_frame_dct 
concealment motion vectors 
q_scale_ty pe 
int ra_vic_for mat 
alternate_scan 

n umber _of_f ield_displayed_code 
ch roma_postprocessing_type 
non_interlaced_frame 
composite_display_f lag 
if (composite_display_flag) { 
v-axis 

f ield_sequence 
sub_carrier 
burst_am plitude 
sub_carrier_phase 

} 

next_start_code () 



No. of bits Mnemonic 



32 bslbf 

4 uimsbf 

4 uimsbf 

4 uimsbf 

4 uimsbf 

4 uimsbf 

2 uimsbf 

2 uimsbf 

I uimsbf 



uimsbf 
uimsbf 
uimsbf 
uimsbf 
uimsbf 
uimsbf 
uimsbf 
uimsbf 
uimsbf 



I uimsbf 

3 uimsbf 

7 uimsbf 

8 uimsbf 
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